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• The Hubble Space Telescope (HST) was launched into low earth 
orbit (LEO) in April of 1990 
• Multi-layer insulation (MU) panels protect the HST hardware and 
equipment bays from radiation, solar wind, space debris, atomic 
oxygen, etc ... 
• Previous studies from earlier NASA service missions show that the 
outer layers of the MU system degrade in orbit 
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• In 2009, two MU panels were returned to 
assess the on-orbit damage 
• The outermost layer of the MU consists 
of fluorinated ethylene propylene with an 
undercoating of 100 nm vapor deposited 
aluminum (AI-FEP) 
• Specimen from 4 regions were selected: 
• Bay 5, solar grazing angle 
• Bay 8, near normal solar facing 
• Bay 8, covered w/ patch during SM2 
• Pristine (no space exposure) 
Bay8 Panel 
(1.47m x 1.1 m) 
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• Received material was delicate with: 
• Increased embrittlement (vs. pristine) 
• Cracking on the Al surface 
• Reduced thickness, possibly due to 
atomic oxygen 1 
• J. Dever, NASA Tech. Memo 
103711 (199t~. 
Thickness 
reduction' 
Bays 
4% 13% 39% 
• Thlekness was measured on samples removed for this study, and ls not 
necessanly rei><esentatlve of lhe enbre panel 
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Bay 5 ( 1.47m x 1.1m) 
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Gianola et al., TMS Lett (2004) 
• Because of the limited 
quantity and delicate nature 
of the material, small-scale 
tensile tests were performed 
• System consists of: 
250g load cell 
Non-contact strain 
measurement via Digital 
Image Correlation (DIC) 
Linear air bearing to 
minimize frictional effects 
and off-axis loading 
Nanometer-scale resolution 
piezoelectric actuators 
----~~~rvmc· ,.,  ·0·····, ~ 
A«oMllf2011,LongBNChCA . N o ~SAGoddardSpacaFl/ghlCenttH • 
• To minimize the occurrence of defects such as edge cracks within 
the test region, a rotary tool with an ultra thin diamond blade was 
designed 
• The AL-FEP was placed under a protective film on a sacrificial 
plate then sectioned into long rectangular strips 
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• Test specimens were 
bonded to flat grips 
using a UV cure 
adhesive 
• Specimens were tested 
under displacement 
control at a rate of 
£ = 5 X 1Q-4 s·1 
• Specimen was dusted 
with alumina powder 
and illuminated with a 
fiber optic light source 
to aid the DIC tracking 
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Digital Image Correlation analysis performed using commercially available Aramis® software 
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Engineering Strain ( % ) 
• Significant decrease in strength is observed with increased exposure 
• Pristine material elongates over 100%, b~t ~~! captured by DIC ~ 
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• Strength and modulus decrease with increasing space exposure, 
possibly due to the effects of chain scission* since the radiation 
damage occurred at temperatures below 40°C 
• Equivalent solar hours (ESH), an estimate of overall exposure levels, 
may underestimate the effectiveness of the repair for Bay 8 patched 
region 
Pristine Bay 8 
(0 ESH) Patch 
{30,300 
ESH) 
• Y. Rosenberg et al., J. cl Appl. Polymer Sd. (1992) 
Bay s Bay & 
(24,300 {89,300 
ESH) ESH) 
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• With prolonged space exposure, the failure mode of the AI-FEP 
shifts from ductile necking to more brittle edge cracking 
Zero load 
I 
10.3% stra,n 
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• Small-scale testing techniques enabled characterization of very 
delicate and limitea 19-year space-exposed AI-FEP 
• Longer space exposure times in low earth orbit reduce the 
strength and ductility of FEP-AI; in agreement with previous 
NASA studies 
• Measured loss in strength likely due to chain scission in the 
FEP from radiation, though the impact of other factors cannot 
be discounted 
• The failure mode of the FEP shifts from necking to edge 
cracking upon increased exposure 
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• Additional testing on other regions 
with different exposure levels, 
including material returned from 
previous service missions 
• Electron microscopy studies to 
understand the m icrostructure and 
how it evolves with exposure 
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